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PREFACE

This report discusses the air ground communications problems and possible
solutions for low flying aircraft and helicopters in Appalachia. It

also documents FAA activities directed at improving communications to
heavy helicopter traffic flying to and from offshore oil and gas r
platforms in the Gulf of Mexico. "

The major effort on this task was concentrated on Appalachia although a

related problem exists in the Gulf of Mexico. The report describes the

Southwest Regional plan for low altitude communications over the Gult

of Mexico as documented in appendix A. Implementation has already begun

and i1f completed as planned will result in vastly improved communications {
to the low flying aircraft in this area.
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SECTION 1,0

SUMMARY

1.1 OVERVIEW OF PROKLEM AND CONSTRALINTS

A significant problem confronting the northeastern repion in Appalachio
is providing reliable communications to the rapidly increasing helicopter
traffic flying to and from sites engaged in coal mining operations oa the
rugged terrain of the western slope of the Appalachian Mountains. The
area of concern extends from Charleston, West Virginia to Bristol,
Tennessee. The terrain is characterized by high steep hills surrounded
by deep, narrow valleys into which helicopters must frequently fly. The
helicopter thus is often located in an airspace that is cither completely
shielded from all normal ground based FAA communications facilities, o-
if within range of a ground facility, may f{ind that the facility is
occupied with tratfic senerated by one or more high altitude aircraft
which have line-of-sight access to many ground facilities. Communicatio-
with air traffic control, flight service stations, VOR/DME, terminal
facilities, and towers is often marginal at best. At many unimproved
sites where helicopters are required to land, the necarest telephone
outlet may be located at a distance of several miles. Larpe gaps cxist
in low altitude communication coverage that could lead to hazardots
flying conditions. Low flying aircraft and helicopters share the samc
airspace as low altitude VFR military training flights and they are often
unaware of these flights because of thc lack of communications.

While the problem exists throughout Appalachia, this report is restricted
to a representative area surrounding Charleston, West Virginia which
includes Charleston, Beckley, Rainelle, and Henderson. This areca is con-
sidered typical of all Appalachia. Problems and solutions cncountered
therein should be directly applicable to similar problems encountered
throughout the area of concern.

1.2 SUMMARY AND CONCLUSIONS

A representative area of Appalachia surrounding Charleston, West Viveinia
was analyzed in terms of existing helicopter traffic patterns and
communications facilities. Traffic patterns were established trom telopion
interviews with pilots flying this area regularly. There did not appear

to be a highly regulated and consistent set of flight paths due to the
transient nature of the mining operations. Communications coverage was
“et-rmined  from computer generated coverage contours obtained from the
Electromagnetic Compatability Analysis Center (ECAC) through the FAA Spec-
trum Management Branch. These data were confirmed by pilot interviews and the
report of a single flight test previously conducted by the FAA Technical
Center. Several possible methods for improving coverage in the area of
study are evaluated. The changes include:

(a) Installation of two additional Remote Communication Outlets
(RCO) located in the mountains approximately 10 miles wost of
Beckley, West Virginia and another 10 miles to the south at
Flat Top Mountain. This option is considercd less cost citect ive
then option (b) following.

PR "}
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(b) Installation of a high yain, southward pointing, directional
antenna at Charleston, West Virginia., This option is
congidered more cost effcctive than option (a).

An alternative to the use of conventional vhf radio is to utilize low .
power hf communications. The U.S. Army huas considered this option for

use with their operational helicopter forces which are {reqently required

to operate in difficult terrain. Implementation of hf radio will require

the assignment of several frequencies in the overcrowded spcctrum

between 2 to 8 MHz. A study should be made to determine the availability

of frequency assignments in this band before implementation.

Mobile radio telephone equipment should be installed at remote mine and

construction sites to assist pilots in reaching nearby telephone facilities.

This would allow filing of flight plans and checking on weather and over-

head air traffic conditions. A discrete trequency should be assigned '
for exclusive use by low-flying aircraft and helicopters, '

The agreement among the theoretical coverage contours, the limited
flight test data, and results of pilot interviews lends confidence to

use of computer-generated coverage plots as a useful communication g
planning aid.
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SECTION 2.y

TRAFFIC AND COMMUNTCATTONS

2.1 TRAFFIC AND COMMUNTUANTTONS COVERAGE

This subsectiovn provides the results ot a telephone questiuvnnaire
directed to 11 pilots typical of those {lving regularly in this

drea., This number represents roughly onc third of all helicopter
pilots and helicopters based within the sample area as shown in table
1. The purpose of the questicnnaire was to establish traffic patterns,
helicopter concentration and areas of poor communication. The major
concentration of helicopters is in Charleston (14) and Beckley (6);
other helicopters are scattered throughout the area as shown in

table 2~1. !

PP Sy

The base locations of 31 helicopters and typical flight paths flown by
the eleven sampled pilots arc shown 1n fiyure 2-1 and the data indicates
that there are no well defined corridors that pilots consistently fly.
Their destination can be anywhere in the arca and is primarily to
unimproved mine or construction sites as well as major population centers.
Flight altitudes range anywhere from 500 to 6000 feet above ground.

In general, there is no formal corporate flight dispatcher assigned.
Flights are made, weather permitting, at the request of company execu-~
tives or other supervisory personnel. Each pilot interviewed maintains
a personal log of all flights made. Just what constitutes a flight is,
however, not as well defined as in the case of fixed wing aircraft.
Some pilots indicated that they cousider one flight to consist of a
complete itinerary of landings provided the engine was not shut down

at each en route landing.

|

1
El
.

Only a minimum number of {lishts carry cargo or spare parts. Most i1lights
are for the purpose of transporting passengers to remote arcas that are
more easily accessed by helicopter than by road. -

2.2 PILOT REPORTED COMMUNICATIONS COVERAGE

Most pilots interviewed recognize that communication to FAA facilities
is poorest at the low altitudes south and southwest of Charleston, near
Logan, and Williamson due to shielding by the terrain. It was very
difficult, if not impossible, to obtain the exact boundaries of poor
communications from pileot interviews, however, general locations were
readily available.

Flight test measurements made in the FAA Convair-580 (N-49) confirmed
the reported lack of communications.! Flight measurements showed that
communications became unusable approximately 12 miles south of the
Charleston airport at 1000 feet above thc¢ ground, This, however,
represented only one point on the overall coverage contour. Theorctical
computer ~generated plots defining all points on the coverage contour

T

1

Coyle, James, ANA-100D "Appalachian Reyion Alr/Ground Communications
Investigation' Trip Report, May 1980.




HELICOPTERS BASED IN THE

TAYLE

2-1

SAMPLE AREA

Charleston
Beckley

Nitro
Barboursville
Beaver

Crab Orchard
Clay
Craigesville
Lewisberg
Gilbert

Logan

Mallory Alcrport

Helicogters
14
6
2
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have been prepared utilizing the facilitics of the Electromagnetic
Compatability Analysis Center (ECAC), Annapolis, Maryland, and are
presented in figures 2 through 5 of the following section. The ECAC
data agrees almost exactly with the single flight test at 000 feet
AGL., The agreement between theoretical contours and measurements
lends confidence to the theoretical techniques as a poweriul tool in
communications planning.
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SECTION 3.u

RADIO COVEKAGE - EXTSTING

3.1 RADIO COVERAGLE FOK LOW=FILYING ATRCVAFT
This section provides the resalts i 1 theoretical iavestipation into
the radio coverage provided by FAA tacilitirs to low-ilying aireraft

in the representative arca. The radio coverage coatours produced by
omnidirectional antennas located at Charlcston, Beckloy, Rainelle, and
Henderson for aircraft at clevations ot lu, 500, 1000, and 1500 feet

above ground are shown in figures 3-1 through 3-4. Jhe contours shown on
these plots identify the approximate limits of radio coverage provided

by the indicated FAA facilities to low=flyiny aircraft at clevation
increments from ground level up to 1500 fect. ;

This sequence of plots identifies specific "holes'" of missing communica-
tions coverage to the south and southwest of Charleston and verifies the
flight test and pilot reports of poor, low-altitude communications
capability in this area. Coverage gaps diminish in ecxtent as the aircraft
altitude increases, but they persist in the extreme southwest region
around Logan, Williamson, and neighboring areas of Kentucky and Virginia.
This coverage gap is due primarily to relatively hipgih {to 3500 fect)
intervening mountain ridges just west of Beckley in the Kopperston,

Bolt area.

e o v —————— v

A mountain peak ncar Bolt, West Virginia is located on the coverage
contours, where, on the ground elevation contour, figure 3-1, a small
isolated area, on the northeasterly slope of the mountain is shown
illuminated by radiowaves emanating i1rom Beckley. Even at higher ele-
vations, however, coverage does not extend very far beyond this point,

The computerized plots are comprehensive, covering the entire representative
area. They were obtained from the ECAC's terrain database and computer
programs which they have developed. Theilr program computes the power
density in dbm/m? that would be obtained for aircraft at any point in the
entire airspace above the representative area. The computer is also pro-
grammed to draw the contours of constant power density as has been
illustrated in figures 3-1 through 3-4.

The power density contours take into account the terrain between the
ground transmitter and the aircraft, the elevation above ground level
of the aircraft, frequency, atmospheric and ground constants, but are
independent of aircraft antenna aud radio characteristics. Coverage
contours are thus applicable approximately to those aircraft that meet
FAA standards.’ Aircraft that exceed standards may experience extended
coverage, while aircraft whose receiving capability has deteriorated below
standards may find their coverage restricted to regions smaller than
that indicated.
2 U.S. National Aviation Standard for VHF Air-Ground Communications
System - FAA Order 6510.6, 11/11/77
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Computer-generated radio coverage data in significantly more detail are
provided by the power density plots presented in appendix C for those
who may wish to determine the power density provided at any point in the
three-dimensional space above the sample area from ground up to an ele-
vation of 1500 feet AGL. These plots permit determination of power
density contours other than the -90 dBm/m’ discussed in this report.
They may be used to determine the power density profile encountered by
aircraft flying any arbitrary flight path including aircraft on the
ground.

Coverage realized by a particular aircraft will be influenced largely
by the VHF antenna used. In most cases the VHF antenna is mounted in
front of the mast on top of the cabin. Other locations include the
underside of the belly or boom. Omnidirectional patterns are desirable
but very difficult to achieve in practice. Antenna patterns will vary
from helicopter to helicopter. Nulls deeper than 10 db may be experi-
enced in the horizontal pattern while 20-db variations are possible in
zenith,




SECTTON &

THPROVEMENTS - FPUTURE

4.1 COMMUNICATTONS IMPROVEMENT RFCOMMENDATIONS

This section addresses varions chanves that could be incorporated within
the area analyzed tou improve the capability to communicate with low-
flying helicopters. The suguested changes arc representative of those
which could be evolved i1rom a similar assessment of other areas of

poor communication coverage in mountainous terrain, The recommendations,
except for those related to hi radio installations are based on the
premise that no large changes to the helicopter structure or antenna
system would be acceptable to the many small operators involved.

4.2 TIMPROVED RADIO COVERAGE

Computer-generated radio coverage plots of the previous section were
used to reliably identify the coverage provided by existing facilities.
Reliability of the theoretical techniquc was substantiated by

comparing its predictions with results of a pilot's questionnaire and
comparison with data gathered in an FAA Technical Center flight test,
In this section we use the same techniques to predict the coverage that
can be obtained from planned, hypothetical antenna facilities located
at Charleston, Bolt Mountain, and Flat Top Mountain. Theoretical
coverage contours resulting from the addition of radio facilities at
these locations are i1llustrated in figures 4-1 through 4~12. Power
density plots for each location are presented in appendix C.

The hypothetical improvement incorporated at Charleston consisted of
installing a high-gain antenna painting in a southerly direction. Results
are shown in figures 4-1 through 4-4., The plots predict that, at 500

feet AGL and above, virtually all coverage gaps with the exception of
those in the extreme west and in the area surrounding Williamson are
filled. Additionally, at ground elevations, there are a number of high
terrain areas that will permit direct communications to Charleston.

4.3 COMMUNICATIONS TO AIRCRAFT BELOW 500 FEET AGL

In spite of potential improvements in coverage for aircraft flying at 500
feet or above, the problem remains of providing communications to air-
craft that are flying below 500 feet or that have landed in a valley. Ti:re
aircraft are effectively shielded at vhf frequencies from all communi-
cations facilities. Fstablishing an RCO in each valley is not practical;
however, several viable technical approaches appear to offer a teasible
solution.

4.4 ADDITIONAL RCO'S

At least two areas have been identified where an additional RCO might
prove of some benefit in improving communications to low-flying aircraft,
These are Bolt Mountain about 10 miles west ot Beckley (discussed pre-
viously) and Flat Top mountain, approximately the samc distance to the
south of Beckley near the West Virginia turnpike. Computerized radio
coverage plots from omnidirectional antennas placed at both o! these
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locations have been preparced to assist in making anv site decistons and
appear in figures 4-5 through 4-12, 1t appcars 1ren ttgures 3=1 throu, b
J-4 that both these mountain ridges tend to limit coverape bevond them
from FAA facilities at Beckley, Rainelle, and Charleston,

Coveragce contours for Flat Top (figurcs 4-9 throucsh 4-12) failed to show
any sienificant improvement in radio coverayge to the area southwest of
Charleston, whereas, with the exceptionof the areca surrounding
Williamson, and RCO located at Bolt Mountain (figures 4-=5 throupl 4-8)
will provide significantly improved radio coverage to aireratt southwes:
of Charleston. These improvements, however, are not signiticantly better
than those achieved by simply installing a high-gain antenna at
Charleston (figures 4-1 through 4-4). The cost of installing a new RGO
at Bolt as opposed to merely installing a high-pain antenna at Charloston
appears to make this option not cost effective.

4.4.1 A DISCKRETE FREQUENCY I'OR LOW-FLYING HELICOPTERS

The difticulty experienced by low-altitude alrcratt and helicopters
i1 accessing the common receive-only facilitics at the Flight
Service Station outlets at Rainelle and Beckley may bo considerably
alleviated by the assignment of a discrete low-altitude irequ.ncy
for their usc.

4.4.,2 VERTICAL POWER DENSITY FLIGHT PROFILES - CHAKLESTON & BOLT

To further assess the radio coverage improvements provided by the hivh-vain
antenna at Charleston and the installation of a new RCO at Bolt mountain,
vertical power density flight profiles of a typical (light betweesn Charleston
and Logan at en route elevations of 1000 feet AGL and 3000 fcet AGL are
preseated in figure 4-13 for conditions before improvements and after

improvements. (Vertical power density profiles are obtained from the o
power density plots of appendix C; any arbitrary flipht profile mav be
obtaired in a similar manner). .

The shaded areas of figure 4-13 represent flight altitudes at which the
signal at the aircraft is too weak to be usable by a standard radio
receiver meeting FAA standards.?

The improvement in signal strength provided merely by the installation
of a high-pain antenna at Charleston is apparent by the reduction of
shadow area. For this particular flight, improvements provided by the
Charleston high-pgain antenna are greater than those provided by an RCO
at Bolt Mountain. (Note that the vertical contours of figure 4-13 are
for altitudes above ground level but do not indicate the actual protile
of the pround between Charleston and Logan.,

4.5 MOBILE RADIO TELEPHONE

“ine sites at which helicopters land may extend over a wide are, so that
when a helicopter lands at an unimproved site, it may be at a distance
of several miles tfrom the location of the mine telephone installation.
At minimal expense to the mine operators, a mobile radiotclephone svstem
can by installed with a base station located where the telephone cable
terminates,  This would permit access to the telephone system by oany
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: v omobile woLr aocieting nettcopters wheo on the vround and within L
several miles o0 o tolesbone torainationy by omooos o1 g tow-cost mobile
termingl permittio. Uhem toosdial dire ctly ineo the telephone system

tron wherever they bappes to be on the wine site.  The helicopter pilot
could then reach the appropriste i trartic control tacility in order to
tile tlight plans, check o weather conditions, aad be alerted and receive
aotification of curreant or mminent activity on aeaiby low-level military
A, FC0 approved, s oavailable today, off

traininy routes., Such o ripm
the shelr, ot rvomin el cost. Pl approxinate cost for o transmit/recciv
base slation, hardwired ihto the tolephone svstem, s about $5000.  The
approximdte cost tor the mebile transmit/receive unit varies from

about S1800 to S2000.  [hiese costs geem small relat Jve to the

benetits of satetv to pilots, passeiay rs, and helicopter investment.

An altevnative might be to clearly mark the telephon ‘ocation so that
it is visible rrom the air and ensare a clear arca aljacent to the
telephone facility for helicopters tn land. [n this way, pilots can
make an intermediate short flight to the telephone prior to leaving
the site.

4.6 HF COMMUNICATIONS - NEARLY VERTICAL INCIDENT SKY WAVE (NVIS)

Because of the near line-of-site limitations in the use of vhi communi-
cations, other users, including the U.,S, Army, are looking into the

use of the ht band for communications to aircraft on the yground or
flying below 500 feet AGL.

The Army has investigated the use o! short range hi using single hop
skywave propagation also known as Nearly Vertical Incident Skywave
Propagation (NVIS), Tt was found that a small segment of frequencies
hetwecn 2 and 10 MHz will support reliable communications, repardless
of the terrain or time of day.

The study addressed the hand of frequencies which, when sent into the
ionosphere at a nearly vertical angle, will be returned to the earth

at a near point not to exceed about 150 miles in distance and with no
skip zone characteristics. Because propagation is by skywave mode, the
path loss for all cases is 120 db +10 dB. Thereforc, neither high-
power nor highly efficient airborne hf antennas are required. 1n the
absence of high ambient noise from electrical storms or traffic on

the vand, low-etfficiency antennas such as 2 to 10 percent and an average
power of 50 to 100 watts peak SSB is sufficient when operating over a
trequenrcy range of 2 to 10 MHz,

Effertive radiation for short-range skywave propagation can be achivved

by causing the excitation of the entire airirame. Tail whip, open and
shorted transmission line antennas were evaluated. The shorted trans-
mission line had superior gain characteristics in an azimuthal or
horizontal aspect. The open transmission line was considered as the
second best choice. The shorted transmission line had a yain of -18.6 dBd
at 2 MHz to =5.2 dRd at 8.8 MHs for an averape gain of =13 dBd.

Details of the hi tests are documentod in report ECOM-4366."

Seompact U antenna - Nov. 1975, Armv ilectvonies Command,, Port Voot by,

New Jevsev,




4.6.1 SUMMARY OF SIGNIFICANT ADVANTAGLS O NVIS

a. Path loss does not increase wit? pvround range but is essentially
constant at approximately 120 +10 dB.

b. Because propagation is nearly vertical at all times, there is
no terrain shadowing that is characteristic of satellite
systems which require a low angle of incidence depending
upon the position of the satellite in geostationary orbit,

As an example, strong NVIS signals may be received in
narrow valleys where satellite signals would not be
available.

¢. The coverage contour is terrain independent and will appear
circular whether over the ocean or in rugged terrain such as

West Virginia. .

d. Signal-to-noise computations show that transmitter power
requirements are modest, perhaps 50 to 100 watts.

e. Low-efficiency antennas in which the airframe becomes part
of the antenna can be used.

4.6.2 SUMMARY OF DISADVANTAGES OF NVIS

a. Several frequency assignments in the band from 2 to 10 MHz
must be available,

b, Optimum transmission frequencies must be continuously
predicted or established via test circuits.

c. At present, radio equipment is very expensive -- on.the !
order of $30,000 per aircraft. 1#

d. Antenna exciters approximately 10 feet long must be installed .
along the side of the aircraft.

4.6.3 THEORY OF NEARLY VERTICAL SKYWAVE PROPAGATION

It has been known since the days of Mavconi that radio signals in the

2 to 10 MHz band, when launched vertically, are returned to earth via
reflection from the ionosphere. The big economic payoff in the early
days was long distance communications via ionospheric refraction. The
use of hf radio for short-range communication via nearly vertical skywave
was largely neglected. The physics of skywaves that are vertically
incident on the ionosphere is well understood. The hf propagation theory
presented in the following paragraphs places emphasis on the physics of
short range, nearly vertical incident skywave, as »pposed to traditional
treatment which places the emphasis on extremely long range propagation,
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Ultraviclet licht and a corpuscular rorm ot iontzing radiation originat
in the sun ionize the outer portions ot the carth's atmosphere. This
ionized region, or ionosphere, consists o1 itree eclectrons, positive
ions, and negative ions in g raretied vas. The ionosphere will bend
{(refract) radio waves entering it as thourh it had a lower refractive
index than air, or a retractive index between zero and one,

The amount of bendinp experienced bv a wave incident upon the iono-:
at a given angle depends upon the eticctive refractive index of the
ionized medium., The retractive index Jdepends primarily on the electr.
density and frequency of the incident wave,.

It we assume that there is very little chanpe of eloctron density
in the space of one wavelength, the retractive index may be written

as:
/ 81N (n
PR P ] e e
v .
where:
O —_
., = retractive index = \Vdielectric constant - |
N = electron density in electrons per cubic centimeter
f = frequency in kHz

Equation |} shows that the refractive index is lower, the higher the
electron density and the lower the {requency.

According to Sacils law, the angle of retraction is given by:

sin wg
= (2)
sin
wherc:
@5 = angle of incidence of wave entering ionosphere
@ = angle of retraction
. = refractive index

4,6.5 VERTICAL INCIDCNCE REFRACTION - CRITICAL FREQUENCY

It follows from equation 2 that a wave striking the ionosphere with
vertical incidence (@g = 0%) will be returned to earth when the reirac-
tive index is reduced to zero because @ = 90° (the condition tor total
reflection). Under Lhis condition, the relation between electron
density ¥ and frequency f corresponding to i = 0 is from equation |

f, = v8IN (3)

YRadio Enginecring = Fredervie bmmons Terman - MeGraw il Book Company,

30
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OT the requivel cloctron cdensity is:
e {
£ 37 (4)

As the :requency of 4 wave returned by the fonosphere at vertical
incidence is increascd, the roquired clectron densitv increases as
shown by equation 4, and the wave penctrates rarther into the iono-
sphere until the maximum electron density o1 the layer is reached., |f
the frequency is increased still turther, the wave passcs through the
layer because the electron density is nut sutficient to return the
wave. The frequency at which the wave just barely penetrates the
layver at vertical incidence is called the critical frequency

and, in this case, is commonlv usc.d as a measurc of the maximum
electron density in the laver.

fc = fv—max = /8IN max = critical i1requoncy (5)

Equations 1 and 2 may be rewritten:
/_- .
L2 JI _ BIN _ sin @9
- £ sin @ (6)

when there is total reflection from the ionosphere at any angle of
incidence ¢ = 90° and

s e = e

/ \
Vi - B - sia g, (7

solving for f

¢ AVS'N

= —— = V81N sec ¢, (8)
V1 - sin’go
Equation 8 shows that, at vertical incidence when @, = 0 and sec @, = 1,
the maximum frequency returned to earth is the critical frequency
f. = /81N, but as the angle of incidence deviatres slightly from vertical,

required by NVIS, @, begins to increase siightly above zero and sec @,
increases slightly above unity so that frequencies greater than the
critical frequency will be returned to carth,

4,6.6 VIRTUAL HETOHT

One of the most important quantities in skvwave transmission is the
effective or virtual height. Referring to fipgure 4-14, this is the
height of a hypothetical reflecting surface in free space foi

which the travel time of the wave is equal to the travel time of

the wave in the actual ionized medium. 1In the case of vertical inci-
dence transmission, the virtual height is the distance obtained by
multiplying the velocity of light by one-half the time required for

a pulse of radio energy to travel up to the ionosphere and back.

—— i =
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It may be shown, in the case ol a plaue ionosphere, that the virtual
height as defined above is the same 4as tie height of the triangle
formed by extending the straight line portions of the NVIS wave path.
Referring to figure 4-14, this means that the time required for the
wave to travel over the actual path TBR is the same as the time
required for the wave to travel over the path TAR with the velocity

of light. This relationship mdy be used to calculate the time requircd
for a wave to travel from the transmitter to receiver.

For short ranges such that the curvature of the earth may be neglected,
the geometry of figure 4-14 shows that

2
tan?@o = 242 (9)

by triginometric identity

/ .
sec @o = VG?; tan‘@o = Jl + (%é& (10)

therefore from equation 8

£ d/2y’ (1)
—— =X 1 +
(%)

where

h' is the virtual height

d is the range between receiver and transmitter

n
[

the frequency

N

electron density

In the case of a plane ionosphere (e.g., range is short enough so
that the earth curvature may be neglected) the distance traveled
by the NVIS as a function of ground range and can be computed
from figure 4-14 to be

2 h'
cos(tan_1 'dF/'Z_) (12)

D =

where

D = distance traveled by NVIS
h' = virtual height

d = ground distance between transmitter and receiver
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Thus tor short ranges, sav when

0« d- h', h' = 300km = 18» mi
then from equation (12)

(2h') < D« 1.12 (20"
Indicating that there is only a 12 percent chance viothe Jlistance
traveled by the NVIS wave when the vround path is increased from
0 to about 186 miles. This corresponds to approximately 1 db chanpc
in path loss., Theretore, tor all practical purposcs, the path loss

via NVIS may be considered constant tor short greand ranges up to
about 186 miles,

4.6.7 THE FREQUENCY OF OPTIMUM TRANSMISSION (b0l

As described earlier for vertically incident waves, a critical
frequency exists above which all radiation penetrates the lonosphere
and is lost in space. As the incident ray is lowcre! (rom vertical,
less bending is required to return the wave to earth; thus, frequencies
higher than the ecritical trequency can bhe used (demonstrated by
equation 8). For long distance propardticn, a term called the MUF
(maximum usable frequency) is used to identify the hivhest trequency
that will be returned to earth at verv long ranges. The MU is
generally several times greater than the critical !requency (¥
approaches 90° and sec @, gets large in equation 8). In the case of
NVIS, however, because propagation is always nearly vertical, the MUV
approaches the critical trequency dand its onlv slivhtly larper than it.

Loss ot energy from the wave as it enters the loncsphere can be
attributed to two phenomena; absorption, due t- sciling 1ens in metion,
which is greater at lower frequencies, and loss duc (o enerpy passing
through the ionosphere as the frequency increases and appreaches the
MUF (a little greater than the critical frequencv).

Thus, in vertical skvwave propagation there exists 4 compromise; the
frequency used for transmission must always be lower than the MUF yel

not be so low as to be absorbed by the ionosphere. 4 frequency window may
be thought to exist which contains a frequency of maximum reliability.
This frequency is called the IOT (¥Frequencv of Optimum Transmission).

As described earlier, the electron density ot the ionosphere 1s caused
by radiation from the sun, and therefore, there will be a diurnal varia-
tion of the FOT. A typical jlot showing the daily variation in the FOT
is illustrated in figure 4-15.

Computerized techniques exist for predicting the O and MUF, Printouts,
a sample of which is shown in table 4~1, were obtained by users trom

the Propagation aAgency, U,S. Army, Fort Huachuca, Arizona, for

particular NVIS propagation paths. The propapation window can thus

be predicted ahecad as much as 6 months with reasonable accuracy.
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TABLE 4-1. HF FREQUENCY RELIABILITY COMPUTER PRINTOUT

UebaARMY COMMUNICAT [OMS=ELL CT 100ICL & 0 NMEURILG INSTALLAIION AGLNCY

FERTQUIOINCY ROLTALILITY TASLE

rPROJCCT 397 RPA TLTU0D £ CA SN il.5 GCTOBER 1976
FT HOMMCUTH MJ TO LAXFHURST NhJ AZTNUTHS MILES KMo
B3N — T8LOUW 4CoC3IN - 78,23V J15 365 35.2C 229 36 .8
TYPE CF SERVITE CW XMSN HINDIUN ANGLE #& -—o0 CEGREES
XMTe & _ 21 HALF-wAV( “H 4i4\ "L -.SUN "8 -C\ OFF AZ 8 a
NCYR 2 _ 31 HALF-WAVE I Gei#\ "L =.lUN\N "A =L\ OFF AZ & 0
FONER ¥ «2CC KW IMHZ MAN=RASE NCLSE 8 -1490 04 REQR.S/N & ZICDSB
FRTJIUC GCITS Tl MMZ
UT 20 30 8qel 5S¢0 Lol Tail 2.0 3.0 - - -

w®gz «44 «70 «16 - - - - - - - - REL.

[ LN} 38 .GO -33 - - - - - - - - REL.

oL Q6 «33 «5T oY - - - - - - - - REL.

¢4 33 .93 .28 - - - - - - - - - REL.

66 10 %2 «30 - - - - - - - had - REL.

0 12 <96 38 .33 48 &G - - - - - - REL.

10 1s 37 « 937 «37 «836 -SU '13 - - - - - REL.

s 16 1 «38 95 «87 res «2C - - - - - REL.

" 18 «27 - «335 «30 o703 -3 - - - - - REL.

i» 20 «37 «37 <98 «33 <73 «3C 05 - - - - REL.

" 22 .53 935 «38 -‘1 N 3 oﬂ‘ - - - - - REL.

1026 <36 +98% .68 19 -~ - - - - - ~ REL.
U £ ] o o~ L} 06 [ -] T XS [ 3 le "

[V S ! G2 oy 06 08 10 12 1a 16 13 20 22

MUF 843 308 302 3ul 268 23 B3 6ol 6Be3 beb 6.7 5.9
FOT 3e8 206 Z2e8 28 242 23 8.0 8.3 %49 Sal S.4 §.7

DASHES IN RELIAGILITY LINES SIONIFY RELIABILITIES OF 00 PERCENT
FROVIOE UFDATE INFORMATION TO THIS AGENCY ATTNQG CCC~EED-PED

FOPT HUACHUCAs ARIZONA 385613
AUTOVON 879-6T779
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A practical scheme for determining the best frequency to use for a
particular communication system that has access only to a limited
number of frequencies is to scan all available frequencies periodically
and choose that frequency disnlaying the best signal-to-noise ratio.
This scheme can be implemented practically between two fixed stations
of the system that are less than about 1[50 miles apart.,

4.6.8 NVIS PATH LOSS CALCULATIONS

For practical purposes, the NVIS path loss may be thought to Lo composed
of three component losses:

Li =Lg + L, + Lg
where

L, = Spreading loss due to up and down path distance
Toriospheric absorbtion loss (turnaround loss)

L = Loss incurred by not operating at the FOT
(L = 0 db at the FOT)

Ly
(]

4.6.9 SPREADING LOSS AND TURNAROUND LOSS, 1.d & Lta

With the assumption of a 300km-high ionosphere (e.g., h' = 300 Km),
the spreading loss Ly is calculated o vary between 108.41 db for

a perfectly vertical path (ground ringe d = 0) and 109.4 db when
the ground range is 186 miles, a change of only 0.99 db. Results
taken from numerocus soundings reported in reference 3 indicate a
total loss including the turnaround loss L, of

}10 db < L < 130 db
indicating a variation in turnaround loss of
1 db < L < 21 db
ta

4.6.,10 NON-OPTIMUM FREQUENCY LOSS, LF

This loss ir indicative of the penalty that must be paid for not haviny
an assigned frequency corresponding exactly to the FOT, This penaity
will vary with the time of day and the number of MHz removed from

the FOT as indicated in figure 4-16.

Figure 4-16 indicates the penalty is most severe in the early morning
(0600 to 0800) and late afternocon (1600 to 1900) and less severe

at midday (1000 to 1400). When removed approximatcly +2 MHz from

the FOT, the penaity may be as high as 25 db. Ai +1 Mz removed, the
penalty may only be as high as 10 db in the morning and afternoon and
less than 4 db at midday. In order to limit Lj to no more than abuout
10 db, a sufficient number of assigned frequencies should be available
to permit operation always within about +1 MHz of the FOT. [f & 25 db
penalty can be tolerated, frequencies available should fall within

+2 MHz of the FOT,
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4.6.11 TRANSMITTER POWER REQUIRED TO ACHIEVE A GIVEN SI'-1AL TO NOISE
e — o ——————
RATIO AT THE RECEIVER

The transmitter power required as a function ot recelver signal-to-noise
ratio is given by the following equation

- -G (14
PT a Li + S/N + Na GT (R
where
PT = Transmitter power in db/yv
L; = NVIS loss db .
S/N = Signal to noise ration in db
N, = Atmospheric noise db/uv .
Gr = Gain of Transmitting antenna dbi
Gg = Gain of receiving antenna dbi

TABLE 4-2. REQUIRED TRANSMITTER POWER AS A FUNCTION OF SIGNAL IO NOI<i
RATIO ATMOSPHERIC NOLSE AND ANTENNA GAINS

110 db < Li < 130 db

Transmitter Power !
Required
S/N N, Gt GRr PT Py Pt 1
db dbAiv dbi dbi dbAny dbm
f
1 20 -10 0 0 130 +23 200 1 i
2 20 ~10 -10 -10 150 +43 2 watts L
3 10 +10 -10 -10 160 +53 200 wiatts
The power required to achieve a useful signal-to-noise ratio tor thrce
cases was computed using equation 14 and is summarized {n table 4-2,
Table 4-2 illustrates that the transmitter power requirements are medest

and not at all analogous to what is required in lony distance h: radi-
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4.6.12 ATRCRAFT ANTENNAS FOR NVIS

One or the primary problems otf providing hi communications to small
aircratt and helicopters is the lack of physical space tor conventional
hf antennas. The appreach used by the Army {reterence 3) to solve

this problem is to make the entire airframe the antenna by means of
suitable excitation techniques. [t was tound that the best excitation
was produced by antenna concepts based upon the unbalanced shorted
transmission line principle.

A sketch of a shorted transmission line coupler (called a Tranline)
attached to a helicopter tail boom is shown in rivure 4-17. Test results
for this antenna measured at ECOM (reference 3) are summairized in

Table 4-3. The patterns appear close to omnidirectional except for

the higher frequencies where the airtrame appro:ches a quarter wavelength
and the patterns take on a figure eipght shape typi.al of a dipole. The
values of gains presented in table 4-3 show that antennas need not be
highly efficient to provide reliable NVIS propagation.

4.6.13 IMPEDANCE OF THE TRANLINE

The impedance of the Tranline at low frequencies is highlv fnductive
with a very small value of resistance, and a suitable coupler must be
provided to match it to the transmitter or receiver. It can be
compared to an air-cored coil, and the most ctficient method of
obtaining impedance matching is to simply bridge the antenna clement
with a variable capacitor as though it were a coil and then adjust

the shunt capacitance to resonance. This method is suitable up to rhe
highest NVIS frequency.

4.6.14 EQUIPMENT FOR NVIS COMMUNICATION

Several hf airborne transceivers are available todav that can be adaptec
to NVIS communications. Some of these are listed in table 4-4.

It should be noted that equipment listed in table 4-4 is for military
service and may perhaps be modified for commercial service at costs
considerably less than indicated in table 4-4.

TABLE 4=4. SOME TYPICAL HF RADTO EOUTPMENT THAT CAN RE ADAPTED
FOR NV1S COMMUNICATION (NOT COMPREHENSIVE)

o —— e s bioe AP, Ce e aes

Approx. l9éf.

S aam

Price Trans. Sensrtivity
Intended Freq, Power AV FERS
MR Type Antenna Use MHz. Watts 1y db 5/N 4
Collins 718v-5 32K Alrborne J=3u 1oy
Racal TRA6900 1CK anpack J=lh h

U

Hughes AN/PRC-104 - Manpack 2= 30




4.6.19 HF SPECTRUM AVAILABILITY FOR NVIS

NVIS will require several trequency assignments in the traditionally
overcrowded 2- tc¢ 8-MHz band., Frequency assignments may not be readily
available to implement NVIS unless a sufticiently strong argument

for its use can be mounted based on low-{lying aircraft densities,
public service, and interference potential to other services presently
using hf radio in conventional ways.

Before adopting NVIS for FAA use, it is recommended that a study be
made into the hf frequency availability based upon:

1. Low-flying aircraft traffic densities,
2, Interference potential with other services using hf radio, and
3. Frequency reuse.

The following questions must be answered.

How much do they interfere with normal long-range ht services where
signals are launched horizontally and receivers are thousands of miles
from the transmitter?

NVIS launches waves vertically, and the service area is confined to
within about 150 miles of the base station. There is a large skip zone
surrounding the service area, and signals propagated beyond the skip
zone are severely attenuated, Is it possible, therefore, to reuse NVIS
frequency assignments in adjacent service areas without serious
interference between neighboring NVIS systems or remote service arcas
beyond the skip zone? Just what are the separation criteria?
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APPENDIX A

FAA ACTIVITIES DIRECTED AT IMPROVING COMMUNICATIONS TO
HELICOPTERS IN THE GULF OF MEXICO'

1.0  GULF OF MEXICO OFFSHORE OPERATIONS - alr/ground communications

Concentrated planning efforts have been underway in the Southwest Repion
since early 1979 on expanding helicopter IFR/VFR operations in the Gult
of Mexico. Various Washington offices, o1l and helicopter industries,
and all organizational levels of the region were involved.

k _4“AQ|O"‘v'-

2.0 REQUIREMENTS

a. Today, a large force of helicopters operated by the oil companies
and by transportation service companies provides air transportation for
the more than 2,000 oil and gas platforms located in the Gulf. The
helicopters are used to transport personnel, crew support supplies, well
drilling and service equipment, etc., in support of every facet of oil
and gas exploration, development, and production. This presently entails
about 580,000 aircraft movements and 3,400,000 passengers carried annuallv.
Nearly all the operations are presently conducted VFR.

b. One of the transportation service companies, Petroleum Helicopters, P
Inc. is flying IFR offshore on a very limited basis using VLF Omega for .
navigation and company operated communications and weather observation ‘
stations. Fourteen IFR routes have been established in the Gulf predicated
on, but not actually depending on, the radials of VOK's located along the
Gulf shore. These routes are not in the common public use airway system
but are available to all users by application under FAR's.

¢. With the increased costs of oil exploration/production, the emphasis
on increasing domestic oil production brought on by energy shortages, and
advancement in helicopter capability in recent years, there is now a definite
and immediate need for expanding the operation, especially IFR capability. i

d. As a result of a November 9, 1978 letter from the Helicopter Safetwv
Advisory Committee and coordination at the FAA regional director level,
planning efforts to expand the Gulf helicopter operations, which were started
in 1974 but later dropped, were renewed. A special task force made up of
0il and helicopter, FAA and National Weather Service (NWS) representatives
was established to explore problem areas, exchange ideas and identity needs
for offshore helicopter activity. A series of working meetings have since
been held, and it has been determined that the most critical need for
expanding IFR/VFR operations is direct pilot to FAA facility communications.

3.0 COMMUNICATIONS PLANNING

a. A/G communications are to be provided in the Gulf area from about
180 miles east of New Orleans, Louisiana, west to Galveston, Texas, and out
to about 150 miles offshore.

The primary source of this information was Federal aAviation administy it
FY 1980 Cost Estimates, RIS BU2500-5, Federal Aviation Administration,
Washington, D.C. 20591, undated internal document.
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4
4
Location Coverage 1
—_— {

Houma Airport (New Orleans) 500 to 7,000 feet MSL within a 30
nautical mile radius or the alrport. 4
Only VHF communications are requircd tor all of tne above for usc with 3

civil aircraft in the area. There is no requirement tor UHE communications
for use with military aircraft.

b. Engineering studies conducted by Aerovnautical Radio, In¢., under a
contract with the FAA Southwest Region engincers resulted in recommendations
for the following 18 A/G outlets to satisrfy the coverage requirements:

Houston ARTCC Terminals FsS's

(1) Sabine Pass {1) Sabine Pass (Beaumont) 1) Morgan City

(2) 1Intracoastal City (2) Cameron (Lake Charles) {New Orleuans)

(3) Venice (3) fintracoascal City (Latavette) {2) Venice (New

(4) High Island 582 (4) Morzgan City (New Orleans) Orleans)

(5) West Cameron 587 (5) Houma (New Orleans) (3) Vermillion 245

(6) Vermillion 2454 (New Urleans)

(7) Eugene Island 330 (4) South Timbalier

(8) South Timbalier 190 (New Irleans)

“5) Hizgh Island 582

’ {Houston'

¢. Plans are to establish conventional facilities onshore in existine
leased space on the alirports except that battery standby power is proposed
in lieu of engine generators. The offshore facilities are to be located on
0il company platforms with plants items, includinpg shelter and antonad support,
to be provided by the owner to meet FAA requirements. Primarv power would
be provided from the platform engine/generator supplicd svstem with FAA
batteries for standby.

The existing RTR facility at Houma Alrport is to be used and colloca- .
tion of outlets is planned at the following locaticns to reduce the number of
new sites that will have to be established: Onshure at Sabine Pass, Intra-
coastal City, Morgan City, and Venice and offshore for High Tsland 582,
Vermillion 245A, and South Timbalier 190. In addition to these 7 new
collocated sites, 3 others are planned at Cameron onshore and West Cameron
587 and Eugene Island 330 offshore for a tctal of J0 new sites, 5 onshore
and 5 offshore.

d. Remoting of the onshore ovutiets is planned via leasced commercial
telephone circuits. Remoting of the offshore outlets is planned via leased
circuits on existing oil company microwave systems between the oftshore
platforms and the onshore terminatinug points of the microwave systems, and
then leased commercial telephone circuits between those points and the
FAA controlling facilities. '




e. Current plans are to both Instail aod woiata o toe cdectrones

equipment utilizing FAA personne!d
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[

also be made to expedite Remote Malntenance Mounitorins tor the offshore
sites from the ongoiny prouram tor RCAG's.

4.0 TMPLEMENTATION

a. The followiny priority order tor implementing: th

that

‘

ylaanod A/C out tots
I

was developed jointly by the FAA and oll/helicopter iadustry representatives
at the October 11, 1979 task force meeting:

(1Y Intracoastal Citv = ARTCC and Terminal

Vermillion 245A - ARTCC

and FSS,

(2) Fugene Island 330 - ARTCC,

(3) Sabine Pass - ARTCC and

Terminal

West Cameron 587 - ARTCC.

(4) High [sland 582 - ARTCC

and FSS
°SS

Morgan City - Terminal and |

Cameron - Terminal

(5) South Timbalier 190 - ARTCC and VsS.

(6) Venilce - ARTCC and FSS.

b, Plans are to implement the outlets in tire above order a: v

pessihle after funds and cquipmen

5.0 Status

t are made availablo,

Phase 1, Intraccasta) City and Vermillion 2450

a. Two Intraceastal City ou

tlets, 120.35 MHz tor ARTCC and 101,14

prdly

y

for the Latayette TRACON were commissiouned on August 15, 19850, Meperte

coverage of this facility i1s pood

b, Following some delayvs in
245C and microwave links trom the
MHz for the New Orleans FSS and |
opecrationsl test on September 9,
1980.
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APPENDIX I

DEFINITION OF A STANDAKD AJRCRAFT RFCEIVING

FOR USE WITH ECAC PLOTS

The power density at the alrceratt o derivod prom ti

Pd = 10 log (l—‘) ba/m-
1077/

where

Pd = Power densitv in dbm/m

W = Power density in watts/u

The power delivered by the antenna to o matchoed cabl
the antenna is

Wr = W Ae

Wt = Power delivered to matched cablo—watts
W = Power density into antenna in Watts/=w
Ae = Effective antenna apcraturc m'

SYSTF

b

at

from Kraus,* page 50, c¢q. 3-35 for a short dipol

’

A = 119 3
at 120 MH=2 Y= 2.5 m

L7643 w7 at 120 tHz

>
o
n

. We = 10°! (log"‘ ‘l.‘d) (.743) watts

*Kraus "Antennas', McGraw Hill Book Co., Inc. 1950
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i dbm
Pr - 10 lov | ~-—'—;-}
EETUN
!
: / o P \ !
PLo= 10 Law ,\1 b ey
P
Pt = Pd + 10 lov .743

The power into the recelver at the ond oi a cable .u 120 MH»z

is

Pr = Pt - lc = Pd -~ 1.29 - l¢ dbn

Pr =  Power 1nto recelver in dbm 10 P

Pt = Power delivered to matched cable in dbm
le = Cable luss

-1.29 = 10 log Ae = 10 Joy .119 3 ¢ 120 Wiz
Ae = Antenna aperture in m

Definition of Standard Alrcraft Receiviny System for low 1lving airera::.
A standard Recciving System has the following components:
(1) Standard Receiver per U.S. National Aviatio: Standard

for VHF Alr to Ground Communications System 6510.6
Paragraph 3.2.3.1

Available Received Percent Minimum
Carrlier Power Pr odulation (S+N/N)
- 96 to - 70 dbm 30 6 db
- 70 to - 10 dbm 30 25 db

(2) A cable loss of no wmore than 3 db.

(3) An antenna cquivalent to a short dipole
2

Effective aperture A = 0,119 '~
or wain over isotropic of 1.76 db with VSWi less thaa 2.1,

The power into the receiver is obtained from the power density, as plottod by
the ECAC plots, by means o1 the rtellowine cquation.




Pr = Pd - 4.29 db
Pr = Power into the receiver in dbm
Pd = Power density from FCAC plots in dbm/m"

4.29 db includes thue cable loss ot 3 db and the citective apertin.
of a short dipole at 120 MHz.

The operator may determinec his coverage capability by comparing his receiver
system with the Standard System. If it is better he will experience
greater coverage, if it is poorer he will experience poorer coverage.

B~3




(a)
(b)
(c)
(d)

APPENDIX C
POWER DENSITY PLOTS FOR APPALACHIA
Power density plots, Charleston, Rainelle, Beckley, Henderson,
Power density plots, Charleston, High Gain Antenna Pointed South.
Power density plots, Charleston, Rainelle, Beckley, Henderson, Bol!

Power density plots, Charleston, Rainelle, Beckley, Henderson,
Flat Top
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APPENDIX D
ANTENNA TEST DATA

Characteristics of four modern antennas, listed below, arc

possible facility improvement.

1. Decibel Products Model DB-224 VHF Gain Antcnna

2. TACO Model Y-~102B-130 VHF Directional Yagi Antcnna
3. TACO Model D-2261A-1 Omnidirectional VHF Antenna

4. TACO Model D-2276 Omnidirectional VHF Antenna

tncluded Yo 1o

The characteristics of the high gain antennas, 1 and 2 above, were measurcd
at NAFEC as reported in "Test and Evaluation of Air/Ground Communications
Antennas' by James Coyle, June 1978, Report No. FAA-NA-77-39. Appendices
G and V of the NAFEC report, which provide the test results, are included

herein.
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APPENDIX G

DECIBEL PRODUCTS DB-224 VHF GAIN ANTENNA

The DB-224 antenna shown in figure G-1 18 a vertically polarized omnidirectional
or directional gain antenna that was aesigned to operate with a center frequency
of 127 MHz. This antenna was manufactured by Decibel Products, Inc., Dallas,
Texas, weighs 35 pounds, is 23 feet 9 inches long, and cost $230.00. Due to its
size, the DB-224 antenna was shipped to NAFEC in two l2-foot sections for ease
of handling with each section consisting of two folded dipole elements and a
cable harness. An omnidirectional radiation pattern is obtained with this
antenna when all four dipole elements are evenly spaced every 90° around the
mast. When all four dipoles are aligned on one side of the mast this antenna
has directional characteristics and 1s designated as a DB-224E antenna.

= ¥

;.._..“: -3

[ ity _-‘“ -

FIGURE G-1. DB~224 VHF GAIN ANTENNA
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FIGURE G-2. DB~224 GAIN ANTENNA

VSWR measurements for the DB-224 antenna are shown in figure G-2. The numbers
on the left side of the graph represent VSWR values at the antenna terminal

and the numbers on the right side of the graph represent VSWR values with a

50 foot length of RG=214 coaxial cable between the antenna and the slotted line.

Figure G-3 1is the vertical radiation pattern for the DB-224E antenna at

127 MHz. This vertical pattern shows the peak of the main beam to have a
alight downward tilt and a 17° beamwidth. Figure G=-4 is the horizontal
radiation pattern for the DB-224E antenna which shows the offset directional
characteristics when the four dipole elements are aligned on one side of the
mast,

The gain of the DB-=224E antenna measured 6 dB above the standard gain antenna
(+6 dBd or +8 dBi) at 127 MHz on the peak of the mairn oream, as shown by the
standard gain antenna dots on the radiation patterns. In the omnidirectional
configuration, the antenna measured 3 dB above the standard gain dipole.
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FIGURE G-3. DB~224E VERTICAL RALDTATION PATTERN




FIGURE G-4.

N

DB-224E HORIZONTAL RADIALION PATTERN

PRSI W

e .




APPENDLY V

TACO Y-102B-130 VHF UIRECTiONAL YAGL ANTENNA

]

The Y-102B~130 antennas shown in fizuse V-1 are vertically polarized lQ-element
directional YAGI antennas that were designed to operate across the VHF A/G com-
mmication frequency band of 118 to 136 MHz. These antennas were manufactured
by the Technical Appliance Corporation, Sherburne, New York, and cost $202.00
each, weigh 12 pounds each and are 103-iuches long and 50 inches high. The
antennas are shown vertically stacked 10 feer apart and connected together with
a stacking harness to permit increased gain and skewing measurements.

FIGURE V-1. Y -104B-130 YAGI ANTENNAS
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VSWR measurements for the 4nienia tre sucwn i @ {oove o e numbers on

the left side of the graph reprvvert 7SwiR iliues ot ¢ antennd torminal and

the oumbers at the right side 1 e crapr 1o tesen Sak aiues with 50 toot
of RG-214 coaxial cable hHetween tre ntetilia ai i wiothed ine.

The single antenna vertical radiai¢:! i patterr at Ll Mz, i1 {gure V=13,

shows a 50° vertical beamwidth. ihe single antenra 5 rizontai raalation
pattern in figure V-4 shows a hourizomtal beamwicdth o+ ¢'".  Flgure V-5 is the
horizontal radiation pattern tor tw. antennds verl.2i " stacked and skewed 0°

which shows the horizontal beamwidth was reduced roam 6.7 to Su® by vertical
stacking. Figure V-6 shows the horizontal raclation pattern st |36 MHz when
the antennas are skewed 90° and Vigure V-7 snows e btorirontal radiatton
pattern when the antennas were skewea [H)°.

The gain of the single ragi ntennd meas:red . ¥ above the stanuard gain
dipole (+12 dBd or +14 dBi) at 13h MHz as snowe . the standard gailn antenna
dots on the radiation patterns. The antenna gaine increases 3 dB when stacked
and skewed 0° and decreased J 4B when stacked and skewed 180°,
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FIGURE V-3, Y-102B-130 V-RTICAL RADIATTON PATTERN
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